Background
Management of enterocutaneous fistula is a challenge for surgeons, gastroenterologists, and allied health professionals [1] [2] [3] [4] because of the serious complications that can occur, ie, malnutrition, sepsis, and fluid and electrolyte disturbances, 5 known as the "fistula triad". 6 The main goal in management of enterocutaneous fistula is to restore the integrity of the patient's gastrointestinal tract to allow normal feeding while minimizing morbidity and mortality. 3 The management plan is usually divided into three phases. The first phase, ie, recognition and stabilization, includes resuscitation of the patient, control of sepsis, electrolyte repletion, control of fistula drainage, and supply of nutrition. In the second phase, a fistulogram is performed to identify the anatomy and characteristics of the fistula. In the third phase, a decision is taken regarding the duration of conservative management and the operative plan based on an evaluation of the patient and the fistula.
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Badrasawi et al nutrition (TPN), enteral feeding, or oral feeding, and plays a major role in management of enterocutaneous fistula. [8] [9] [10] It begins with calculating calories and protein requirements, assessing tolerance of the feeding regimen, modifying feeding methods, adjusting nutritional requirements according to changes in clinical status, and finally, observing for feeding complications. 11 Classification of the fistula affects the route of feeding and caloric and protein requirements; 12 ie, patients with high output fistula should receive more calories and protein than those with low output fistula who mostly require TPN. Oral and enteral feeding increase the fistula output if the fistula occurs in the proximal part of the gut. 2 Therefore, a multidisciplinary team should be involved in designing and performing the management plan. 13 Despite attention to nutritional support, malnutrition remains a major clinical problem in 50%-90% of patients with enterocutaneous fistula. 2 Earlier researchers have noted that there are no experimental data for optimal routes of feeding in patients with enterocutaneous fistula, 14 and any relevant reports are based on observational studies.
This study reports on the nutritional management of patients with enterocutaneous fistula admitted to the National University of Malaysia Medical Center and factors affecting the outcome of treatment.
Materials and methods
This retrospective observational study identified 28 cases admitted to the National University of Malaysia Medical Center between 2007 and 2012 based on manual screening of the census books held in the general surgery ward. Twentysix files available at the medical records unit were reviewed to extract the relevant data. Four cases were excluded because of incomplete information regarding nutritional management or lack of basic anthropometric measurements.
The data extracted included a detailed medical history, clinical status, and anatomic, etiologic, and physiologic classification of fistula. Physiologic classification was done by calculating the mean fistula output for the first 3 days, starting from the day the fistula was first recognized, using the following output cutoff points: low ,200 mL/day; moderate 200-500 mL/day; and high .500 mL/day.
2 Each patient's nutritional status on admission and discharge was assessed using the available data for weight, body mass index, subjective global assessment, and serum albumin level.
The nutritional management plan and monitoring were investigated for each case individually, and categorized according to the route of feeding, duration of feeding, caloric and protein requirements, and type of formula, ie, enteral or parenteral. Refeeding syndrome was deemed to have occurred if a team member recommended cessation or a decrease in feeding in the presence of hypokalemia, hyponatremia, and hypophosphatemia. 15 The medical notes for nutritional management recorded by all health professionals, ie, surgeons, nurses, dieticians, clinical pharmacists, psychologists, and physiotherapists, were reviewed for all cases.
Enterocutaneous fistula-related complications, including sepsis, electrolyte disturbances, dehydration, and malnutrition documented in the medical notes were also recorded. Patients who had multiple admissions were considered as single cases. Nutritional management was planned individually, depending on the patient's general status, because guidelines for nutritional support in patients with enterocutaneous fistula were not available.
Fisher's exact test was used to determine relationships between categoric variables, ie, nutritional status classification, and mortality, spontaneous healing, or occurrence of complications. The relationship between nutrition parameters and fistula healing was determined using Spearman's correlation coefficient test. Further analysis using multiple linear regression was applied to determine the predictive variables. Cox regression analysis was performed to identify factors affecting mortality. Descriptive statistics were used for type of fistula, mortality, fistula healing, and clinical complication rates.
Results
Only 22 of the 28 cases with enterocutaneous fistula identified met our inclusion criteria. These included 16 males and six females of mean age 50±17 (range 16-72) years. The majority of cases were Malay (n=17), with a minority being Chinese (n=5). Comorbidities included hypertension (n=8), stage 4 chronic kidney disease (n=2), diabetes (n=2), hepatic disease (n=1), and cerebrovascular accident (n=1). A history or presence of malignancy was reported in ten cases. Single or multiple laparotomy had been performed before formation of the fistula in all but two cases. The mean duration of hospital stay was 27.4±16 (range 8-65) days.
nutritional status
Mean body mass index was 20.1±3.6 (14.0-32.0) kg/m 2 . Five cases were underweight, eleven were normal weight, two were overweight, and four were obese. Subjective global assessment was reported for nine cases, seven of whom were severely malnourished and the other two were mildly to moderately malnourished. The mean albumin 367 Nutritional management of enterocutaneous fistula level on admission was 27.9±8.7 (range 15-44) mmol/L and at discharge (or the last reading before discharge) was 29.2±8.6 (13-43) mmol/L.
Fistula classification and sequelae
The main etiology of fistula was surgical (in 20 cases), and the remaining cases were spontaneous, with one case due to inflammatory bowel disease and the other being an iatrogenic fistula. Most of the cases involved single fistula, with only one case of multiple fistulae. Low output was the major physiologic classification (15 cases), followed by high output fistula in six cases and medium output in one case. With regard to anatomic classification, the majority (15 cases) were iliac fistulae, while six cases involved the colon and two cases involved the jejunum. There was only one case of duodenal fistula (see Table 1 ).
The mortality rate was 23% (five cases). Three deaths were due to complications, eg, sepsis. Spontaneous healing of the fistula was achieved in only three cases by conservative treatment alone, while seven cases required conservative management followed by surgical repair. Two cases were repaired surgically immediately after occurrence of the fistula. The overall healing rate with surgical repair and/or conservative management was 45%.
Sepsis occurred in eleven cases, electrolyte disturbances occurred in eight, and dehydration in three. Three cases developed a combination of sepsis, electrolyte disturbance, and dehydration. Four cases developed sepsis and electrolyte disturbance. Elevated liver enzymes were reported in two cases during TPN, and five cases were admitted to the intensive care unit. Conservative management was the first choice for management in 76% of cases.
nutritional management regimen
The medical records showed that the following parameters affected the nutritional management plan: fistula output, functional status of the gastrointestinal tract, location of fistula (proximal or distal), feeding tolerance, presence of complications such as sepsis, TPN (liver)-related complications, and need for patient to be nil per mouth before surgery. 
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The nutritional management regimens were as follows: TPN with enteral feeding followed by oral nutrition or sip feeding; TPN followed by oral feeding; enteral feeding followed by oral feeding; TPN only; enteral feeding only; and oral feeding only. The duration and route of nutritional management is summarized in Table 1 .
Glutamine was given to nine cases, either by intravenous infusion, or by adding it to the TPN bag. Indications for oral glutamine included occurrence of or risk of sepsis (ie, uncontrolled effluent from the fistula). 7 However, no significant relationship was found between fistula healing and mortality with intravenous glutamine.
Ready-mixed TPN bags were given to 14 (50%) of the patients, while the rest were given compound TPN bags. Standard formulae were used in most patients, but a modular formula (myotein) was added to the standard formula in one case (4.5%). Three cases (14%) were temporally given elemental formula after converting from TPN to enteral feeding. Patient caloric and protein requirements were calculated using a rapid method. Calories were given as 20-35 kcal/kg/day and protein was given as 1.2-2 g/kg/day.
The relationship between anatomic fistula classification and spontaneous healing was analyzed by Fisher's exact test, and the associations were not significant at P-value ,0.05. The relationship between days of nil per mouth and the final albumin result was not statistically significant (P=0.77, Pearson's correlation coefficient test; Table 2 ). No significant predictor was found for mortality using Cox regression analysis ( Table 3) .
The relationship between fistula healing and mortality as dependent variables and etiology of the fistula, physiological status, and patient nutritional status showed different levels of significance (Table 4) . The relationship between nutritional management regimen with serum albumin level at discharge was not statistically significant, but the relationship was significant with the length of hospital stay (P,0.05, Kruskal-Wallis test).
Discussion
The results of this study show that the most common etiology of fistula was surgery and sepsis was the main reason for the considerable mortality rate. Fistula healing was significantly related to certain aspects of nutritional status. There was no significant difference in nutritional status according to the nutrition support regimen used, but there was a significant difference according to period of hospitalization. The spontaneous healing rate after conservative management was 14%, and the total healing rate was 45%. Spontaneous healing was associated with low output, a surgical etiology, and absence of sepsis. Several factors have already been reported to affect the rate of spontaneous healing, including surgical etiology and low output, with no associated abscess or comorbidity. 14 However, a few studies have shown a higher fistula healing rate. [16] [17] [18] The highest healing rate of 81% was reported by 
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Nutritional management of enterocutaneous fistula Gupta et al, 16 67% was reported by Harriman et al, 17 and 53.3% was reported by Nursal Tarık et al. 18 This difference in reported rates is likely related to the experience and skill of the surgeon or the patient's condition. 14 The mortality rate due to fistula complications was 14%, and included sepsis, electrolyte disturbance, dehydration, and malnutrition. This is consistent with a report by Martinez et al, 19 who found that these complications had a significant relationship with mortality. Gupta et al 16 also reported a rate of 14%, whereas a rate of 24.4% was reported by Nursal Tarık et al. 18 Malnutrition was significantly related to mortality, as evidenced by the significant association of body mass index with mortality, even though it was not significantly associated with serum albumin level. Mawdsley et al 20 found a significant difference in serum albumin levels between surviving and nonsurviving groups (P=0.01). A large sample size could explain this significant relationship; however, their study did not investigate body mass index and its relationship with mortality.
We found no significant relationship between patient age and healing or mortality rates. This finding is not consistent with those of other studies; 20 in clinical practice, mortality rate is generally affected by age and nutritional status. 21 
nutritional management and clinical outcome
The cases were managed conservatively, as recommended by the published studies on management of fistula, 4, 7, 10, 22 with the exception of one case that was treated surgically. Conservative treatment was used to build up nutritional status, stabilize the patient before surgery, improve the surgical outcome, and decrease the risk of postoperative complications. 11 A subjective global assessment was available for nine cases; seven were malnourished, indicating that this assessment was performed only for such cases. Due to the limited data on nutritional status in the patient files, assessment was based on body mass index and serum albumin level at admission or fistula recognition and the last albumin level before discharge. The significant relationship between serum albumin and spontaneous healing was in accordance with other similar studies. Nursal Tarık et al 18 found a significant relationship between serum albumin and fistula healing (P=0.014). Patients with healed fistula had higher serum albumin levels than those with non-healed fistulae. Harriman et al found a significant relationship between fistula healing and serum albumin levels, and fistula healing and prealbumin levels (P=0.018 and P=0.00, respectively). 17 Caloric and protein requirements have been shown to be affected by patient status, nutritional status, feeding tolerance, fistula output, and presence of complications such as refeeding syndrome and sepsis. 23 Individualizing the nutritional management plan in terms of caloric and protein requirements and feeding route has been recommended in several studies. 6, 11, 24 relationship between glutamine, fistula healing, and mortality Intravenous glutamine was administered to 41% of the patients. At our study center, glutamine is commonly given to patients with or at high risk of sepsis, including those with enterocutaneous fistula. However, administration of glutamine did not significantly improve the clinical outcome. Similar studies assessing the effects of glutamine or an immune-enhancing diet on the clinical outcome in patients with fistula were not found.
Conclusion
Nutritional status has a significant impact on both healing and clinical outcome of fistula. Building up nutritional status in patients with fistula is very important in conservative management and in preparing patients for surgical repair.
